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 This study discusses a HS-75 profile which has a thickness of 0.8 mm. The aim to 
observe this profile is to get the information whether this profile could replace timber 
as a house roof frame or not. This profile was observed in three different conditions. 
The first condition is analyzing the profile without any stiffener plate attach. The 
second condition is by attaching one diaphragm plate on the middle of the HS-75 
beam, and the last observed object is a HS-75 beam with three diaphragm plate 
attach on certain places along the beam.  The modeling and simulation of HS-75 is 
important to predict the actual strength or some other properties such as strain, 
deflection or deformation. In this study, strength analysis of HS-75 is simulated 
using finite element method (FEM). The profile strength analysis is simulated on 
three different combinations of diaphragm plate commonly designed for house roof 
frame. The HS-75 being analyzed is the beam total deformation. The first step in 
preparing the simulation is producing the HS-75 product using the Ansys workbench 
software. Some HS-75 properties should also be attached, such as the Young 
modulus, the Poison Ratio and the Tensile Ultimate Strength value. The HS-75 
beam being simulated has a length of 1800 mm, and a plate thickness of 0.08 mm. The 
second step is dividing the beam in small part as meshing of the beam. The next step 
is attaching the loads work out on the beam. The last process is simulating the product 
by analyzing the directional deformation and the total deformation. FEM static stress 
analysis is also simulated on three different beam conditions. The results showed that 
the greater the load given to a light steel beam, then the deflection that occurs will 
also be greater. Based on the type of treatment conditions on HS-75 light steel it was 
found that the deflection occurs at a maximum load of 6500 N is 14.346 mm (without 
diaphragm plate), 6.5094 mm (one diaphragm plate attached) and   6.159 mm (three 
diaphragm plates attached).  It  can be concluded  that  the HS-75  light  steel 
profile which uses three diaphragm plates has a greater strength compared to the 
light steel profiles using one diaphragm plate and light steel  profile  without  a  
diaphragm  plate.  This  methodology serves  as  a  novel  approach  for  HS-75  
design evaluation, and the study of beam stress behavior in profiles which is needed in 
home properties industries 
 
 
© 2013 AENSI Publisher All rights reserved. 
 
INTRODUCTION 
Along with the advancement of Science and Technology, and a significant population growth, as a 
consequence, it takes a lot of infrastructure development, one of which is to build houses for the community 
shelters. Timber is one of the building materials needed for home constructions especially for the roof 
frame. Demand for timber is much needed today, whereas nowadays to get timber is more difficult, and timber 
prices are now quite expensive. 
The government has already issued a ban timber logging or deforestation. Timber woods in the market are 
low quality timber which is not old enough. This kind of wood would be very unstable their shapes will be 
change on a certain life time. 
Infrastructure development is high, a solution is needed to find an efficient and effective solution way, in 
order to stimulate investment and encourage the economy to be a means of creating jobs. Therefore it is 
necessary to find an alternative material that can replace timber as a roof truss material. The first alternative is a 
thin steel material with a zincalume galvanized which is formed by a cold rolled steel process. (Cold Formed 
Steel Profile, 2010). 
This Cold Formed Steel is highly developed in the USA since 1946, which is called as Thin Walled 
Structures, (Shanmugam, 2006). Research studies was continued to get the best material strength and 
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rigidity. This material in Indonesia is as Light Steel Frame, with many type or models such as the C-Section 
profile, Hat Section (HS) profile and the Z-section profile. 
Light Steel Frame is lighter than timber, and light steel frame has a strength equivalent to timber 
strength. The comparative analysis between timber and lightweight steel frame for a 50 typed house, which is 
observed by Ishak Yunus (Yunus, 2008) with a research title of "An Analysis of price comparison between 
wooden construction with mild steel Construction", says that the light steel frame has a similar final price 
compared with timber. 
In conclusion, the difference in price compared with the resistance of light steel frame, using light steel 
frame is more adequate. In some reason to get wood materials become very difficult. Thus light steel frame is a 
solution to replace timber as a construction material. 
HS-75 profiles, was introduced as an alternative material for truss structural system made of thin steel plate 
with a thickness of 0.8 mm and galvanized with zinc aluminum which is called zinc aluminum. This profile has 
a thin steel characteristic, very light and could functioned equivalent with conventional steel. This lightweight 
steel roof truss is designed to facilitate the assembly and construction process. Although it is thin but this kind of 
construction steel has a tensile strength up to 550 MPa (Rogers et al., 2006), compare with conventional steel 
which has a tensile strength of 300 Mpa. In Indonesia, this kind of lightweight steel has a thickness ranges from 
0.4 mm to 1 mm for Galvalume AZ 100 material type, galvanized Z-22, and ZAM-ZG 90, (Zink, Aluminum, 
Magnesium). (Jaindo Metal Industries, 2009). 
To determine the HS-75 profile reliability as a truss structure, it is necessary to observe deeper about the 
HS-75 profile strength and flexural by attaching a diaphragm plate as a profile stiffener. (Desmond et al., 1981; 
Schafer and Pekoz, 1998). 
In this study, as mentioned above, the HS-75 profile will be simulated without a diaphragm, with one 
diaphragm plate and three diaphragm plate attached. 
Attaching a Diaphragm Plate (intermediate stiffener) at certain intervals along the profile will minimize the 
lateral torsional buckling and minimize the beam failure (Zarkis, 2002). 
From the Network Information Center of Science and Technology (BPPT) investigation result, it is known 
that there are two mechanism models of failure. The first failure model is the interaction of converging 
compressive load and bending moment and the second failure model is for the axial compressive load. Both of 
these models will be the start point of using the rigid plastic mechanism theory for the development of plastic 
analysis (Setiyono, 2008).  
 
LIGHT STEEL FRAME ROD FOR STRUCTURSL MATERIALS 
Starting from the planning steps we should be able to determine and decide which materials will be used in 
the further development process.  Today many homes are build using light steel as a building roof truss.  In 
general, most building expert is starting using light steel for their roof and frame construction.  Carbon steel is 
the base material of Light steel. Steel elements in Carbon Steel consist of 1.70% carbon, 1.65% manganese, 
0.60% Silicon, 0.60% Copper. Carbon and Manganese is the main material to raise the steel strength. Carbon 
percentage addition will raise the steel yield stress but consequently will reduce the steel ductility. (Jaindo Metal 
Industries, 2009). 
Lightweight steel roof truss which is manufactured in Indonesia using a basic material of steel with a tensile 
strength of G-550 MPa or equivalent to 5500 megapascals under the AISI standards (American Iron and Steel 
Institute, 1995). To prevent from corrosion, the steel was coatted with zinc aluminum and magnesium. 
Zincalume coated is an alloy containing 55% Aluminum and 45% Zinc and 1.5% Silicon with a coating class of 
AZ 150. Zincalume, with an accurate composition and the use of high technology in the production process, can 
provide excellent corrosion protection. With a process of steel hot-dipping continuously at a given temperature, 
Zincalume combines the main characteristic of the metal steel. The steel strength, with an excellent corrosion 
protection and high temperature resistance of aluminum, as well as the protection of zinc in the material folds 
and scratch areas with the catodic action, is an excellent material. ZAM (zinc, aluminum, magnesium) products 
could have a live time of 60 years and Zink Aluminum Alloy Coated and Hot Dip Galvanized reached a life 
time of 15 years.  (Nisshin Steel, 2005). 
 
HAT SECTON (HS-75 PROFILE) 
Hat section profile (HS-75) was used as roof truss rod (beam) to replace timber and also used as an axial push / 
pull roof frame truss rod. HS-75 profile can be seen in Figure 1. below: 
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Fig.1. HS-75 profile (Source: Renansiva, 2003) 
 
The HS-75 profile dimensions can be seen in Figure 2. below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. HS-75 profile Dimension (Source: Jaindo Metal Industries, Renansiva, 2003) 
 
HS-75 profile properties data can be seen in table. 1 below. 
 
Table 1. HS-75 profile properties data (Jainindo Metal Industries 2009). 
 
Profile type   H (mm) h(mm) B(mm) W(mm) R(mm) D(mm) d(mm) t(mm) 
 
HS-75; 0.8 75 70.22 40 35.22 1.59 25 22.61 0.80 
HS-75; 0.5 75 70.82 40 35.82 1.59 25 22.91 0.50 
 
Table 2..HS-75 profile, full section properties (Jainindo Metal Industries 2009). 
 
Profile type   Fy (MPa) E(MPa) G(MPa) Af(mm
2
) Mass(kg/m) Ix(mm
4
) Sx(mm) 
 
HS-75; 0.8 550 203550 77970 186.70 1.47 147500 3773 
HS-75; 0.5 550 203550 77970 117.42 0.92 93680 2397 
 
Table 3. HS-75 profile, full section properties (Continued) 
 
Profile type   rx (mm) ly(mm
4
) Sy(mm
3
) ry(mm) J(mm
4
) Cw(mm
6
) ro(mm) 
 
HS-75; 0.8 28.11 90610 2050 22.03 40.41 1.73 E+08 72.42 
HS-75; 0.5 28.25 57810 1299 22.19 39.92 1.73 E+08 72.42 
 
FINITE ELEMENT METHOD 
B 
b R+t 
R+t d 
D 
H h t 
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Finite element method is a form of a method used as one solution approach to solve a variety of physical 
problems, such as numerical analysis techniques. 
The basic method of the finite element method is dividing the work piece into small elements or in a finite 
number so that every reaction due to the load (load) on the boundary condition could be calculated. Based on 
these small elements some numeric equation could be solved. 
Finite element method (FEM) can simplify (modify) a problem that has an infinite number of degrees of 
freedom to be a problem with a certain number of degree of freedom so that the solution process will be much 
simpler. In some ways this method should be solve by using finite element computer software. 
 
 
BENDING BEAM STIFFNESS MATRIX EQUATION 
 
Beam Element with Uniform cross section as drawn below:  
 
 
 
 
 
Fig.3. Bending loads on beams 
 
y = lateral force  M = Moment  
v = displacement / deflection   = Rotational angle / slope  
No load beam equilibrium equation can be expressed by differential equation:             
 
                              ................. (1)  
 
v (x) is the deflection of the beam which is a result solution from the differential equation (1). v (x) is expressed 
in the form of a three degree polynomial as follows:  
                                                                                  ........... (1a).  
 
The ai coefficients will be determined from the boundary conditions of each nodal as follows:  
 
At x = 0                                         
          
 
At                                               
 
By Differentiating equations (1a) with respect to x then equation become: 
 
                                                      .............. (1b)  
 
Substitute the existing value limits to equation (1a) and (1b).  
 
 
 
   
 
          
 
  
From the four equation above, an equation of           will be obtain. 
Expressed respectively in    a1, a2, a3, a4    
x 
L 
 
y 
 
 
= 0 
+ V (x) = 
v = & = 
v = = & 
= a
2
 + 2a3x + 3 a4x
2
 
x = 0, v = v1 then  v1 = a1 
 
= x = 0, then = 
v = v2 , then , + + + 
= , then = a2+ 2 +3 
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                                                .......... (2)  
 
 
 
Displacement is written symbolically:  
 
{q} =[T] [a] ............... (2a)  
 
So,   [a] = [T] -1, where [T] -1 is the inverse of [T]  and can be obtained from:  
 
                                                                .......... (3)  
 
 
 
Substituting a1, a2, a3, a4 into equation (1a) then:  
 
                                                                                                                                                         ................. (4) 
 
 
Rearranged equation (4) and giving a limitation:  
 
                                                                                          ........... (5)  
 
Where: :    is the "shape function" interval 0 - L  
 
 
 
 
 
                           
  
........ (6)  
 
 
 
 
Beam element stiffness equations derived from Castiqliano Theorem  
 
 
 
Where: Fi = Force (y)   or vertical moment (M).  
                                          = Vertical displacement  
 
If  F = force   then  q = translational displacement  
 
If F = moment   then  q = Slope  
 
u = strain energy  
 
Strain energy of uniform cross-section beam elements are:  
 
                                              ............. (7)  
 
The second order differentiation with respect to x of equation (5) would result:  
 
                                                                                                    ............. (8)  
 
= 
= 
v (x)  =   +  x + - - + + + 
V(x) 
= 
+ + + 
)(),(),(),( 4321 xfxfxfxf
u = )
2 
dx 
= f1”(x)v1 + f2”(x) 1 + f3”(x)v2 + 
f4”(x) 2 
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3
32
4
3
3
2
2
3
3
32
2
3
3
2
2
)(
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x
L
x
xf
L
x
L
x
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L
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x
xxf
L
x
L
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Where f is obtained from the second order deferensial with respect to x of equation (6).  
 
 
 
                                             .............. (9) 
 
 
 
 
 
 
 
Force calculation:  
 
 
 
 force on model 1:  
 
 
 
     
                        from equation (8)  
 
 
     
    
 
 
 
 Thus,  
 
    
 where   
      
 
  
 
The four equations above written in a simple form:  
 
                     .............. (10).  
 
Equation (10) states of the 4 x 4 order matrix for beam element stiffness.  
Finally, an equilibrium equation for beam element could be written as follows: 
     
 
 
 
 
 
 
 
    Furthermore, the bending strength calculation procedure with the finite element method is as follows: 
= 
f1”(x)  = -  + 12  
f2”(x) = -  + 6  
 f3”(x) = -  - 12 
 
f4”(x) = -  - 12 
    
F =  
 =  =  
 
  =      dx 
A =     
= 
A = 
= [ ] dx 
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1. Determine the elements number, the nodes, and the element degree of freedom. 
2. Arrange the local stiffness matrix (element).  
3. Arrange the Global stiffness matrix (globalizing local matrix).  
4. Define limit conditions and the matrix reduction.  
5. Solve the equation to obtain the deflection value. 
 
SIMULATION PROCEDURE 
The first step is producing the object model to be simulated. The object model simulations were made by 
utilizing Workbench in the Ansys software. The model is made in accordance with the size and dimensions of 
the HS-75 which has been previously determined. There are three objects model prepared to be 
simulated. Namely HS-75 without any given diaphragm plate, HS-75 with one diaphragm plate attached and the 
last is HS-75 with three diaphragm plate attached. The three object model described can be seen as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The next step is to do the meshing on the object that was created earlier. Figure meshing objects can be seen in 
the following figure. 
 
 
 
 
 
 
 
Fig. 5. HS-75 without  DP 
Fig. 6. HS-75 with one DP 
Fig. 7. HS-75 with 3DP’s 
Fig. 8. HS-75 meshing 
Fig. 4. HS-75 dimension 
Fig. 9. HS-75 loading 
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After meshing, each object is given a support at both ends. Furthermore attach the load on the beam at a distance 
predetermined. Figure beam support and load can be seen in the following figure. 
EXPERIMENTAL RESULT 
The results showed that the greater the load given to the HS-75 beam, then the deflection that occurs will also be 
greater. Based on the type of treatment conditions on HS-75 light steel it was found that the deflection occurs at 
a maximum load of 6500 N is 14.346 mm (without diaphragm plate), 6.5094 mm (one diaphragm plate 
attached) and  0.2064 mm (three diaphragm plates attached). It can be concluded that the HS-75 light steel 
profile which uses three diaphragm plates has the greatest strength compared to the light steel profiles using one 
diaphragm plate and light steel profile without a diaphragm plate. This result can be seen in Fig. 10., Fig. 11., 
Fig. 12 and Table 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Graph showing the relationship between the deflection and HS-75 loading 
  
 Load (N) NO DP One DP Three DP’s 
 
 500 1.1035 0.50072 0.47377 
 1000 2.207 1.0014 0.94753 
 1500 3.3105 1.5022 1.4213 
 2000 4.414 2.0029 1.8951 
 2500 5.5167 2.5036 2.3688 
 3000 6.6211 3.0034 2.8426 
 3500 7.746 3.5051 3.3164 
 4000 8.8281 4.0058 3.7901 
 4500 9.9316 4.5065 4.2639 
 5000 11.035 5.0072 4.7377 
 5500 12.139 5.508 5.2114 
 6000 13.249 6.0087 5.6852 
 6500 14.346 6.5094 6.159 
 
Fig. 10. HS-75 NO DP 
Fig. 11. HS-75 One DP 
Fig. 12. HS-75 with 3DP’s 
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CONCLUSION 
From the FEM simulation it is found that the maximum deflection of the beam without any diaphragm plate is 
14.346 mm. For the beam with one diaphragm plate, the maximum deflection is 6.5094 mm and the maximum 
deflection for the beam with three diaphragm plates is 6.159 mm. Based on the result from the simulation and 
graph plotting it can be seen that attaching one diaphragm plate will give a significant strength to the HS-75 
profile. The beam deflection was reduced about 50%, at any load variation given to the HS-75 beam. For the 
beam with three diaphragm plate attachment, there is also a deflection reduced, but compared with the beam 
with one diaphragm plate deflection it is not significantly reduced, and it is always happen at any load variation. 
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